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INTROWCTION 

I n  t w o - s t a g e  coal l i q u e f a c t i o n  p r o c e s s e s  t h e  coal is d i g e s t e d  i n  a 
s o l v e n t  i n  t h e  f i r s t  stage and  t h e n  h y d r o c r a c k e d  i n  t h e  s e c o n d  
s t a g e  i n  o r d e r  t o  i n c r e a s e  t h e  hydrogen  t o  c a r b o n  r a t i o  and  t h e  
y i e l d  o f  d i s t i l l a t e  m a t e r i a l .  A t  s o m e  p o i n t  i n  t h e  p r o c e s s  m i n e r a l  
m a t t e r  and  u n d i s s o l v e d  r e s i d u a l  material must  b e  removed,  and  t h e  
p r o c e s s e s  u s e d  f o r  t h i s  s t e p  are u s u a l l y  f i l t r a t i o n  o r  s o l v e n t  
d e a s h i n g ,  w i t h  t h e  l a t te r  t a k i n g  t h e  f o r m  of a n t i - s o l v e n t  or 
c r i t i c a l  s o l v e n t  d e a s h i n g .  The d e a s h i n g  s t e p  c a n  occur e i t h e r  
between t h e  f i r s t  a n d  s e c o n d  s t a g e s  or a f t e r  t h e  s e c o n d  s t a g e  *. 
The ma jo r  a d v a n t a g e  of  d e a s h i n g  b e f o r e  t h e  s e c o n d  s t a g e  is t h a t  i t  
r e d u c e s  c a t a l y s t  d e a c t i v a t i o n  d u r i n g  h y d r o c r a c k i n g  d u e  t o  b o t h  
c a r b o n  d e p o s i t i o n  and  t r a c e  e l e m e n t  d e p o s i t i o n  a s  r e p o r t e d  b y  S t o h l  
and S t e p h e n s ' -  However,  even  when d e a r h i n g  o c c u r s  b e f o r e  t h e  s e c o n d  
s t a g e ,  d e a c t i v a t i o n  of  t h e  c a t a l y s t  still o c c u r s  d u e  t o  b o t h  c a r b o n  
and trace e l e m e n t  d e p o s i t i o n  le6. I n  t h e  c a s e  of c a r b o n  d e p o s i t i o n  
t h e  c a u s e  is n o t  known, a l t h o u g h  t h e r e  is s o m e  e v i d e n c e  l i n k i n g  
h i g h  m o l e c u l a r  w e i g h t  s p e c i e s  t o  c a r b o n  d e p o s i t i o n  * v 7 .  With t r a c e  
e l e m e n t s  n o n e  of t h e  d e a s h i n g  p r o c e s s e s  i n  use is c o m p l e t e l y  
e f f e c t i v e  a n d ,  t h e r e f o r e ,  s o m e  trace e l e m e n t s  g o  f o r w a r d  t o  t h e  
h y d r o c r a c k i n g  s t a g e .  

The R r i t i s h  Coa l  p r o c e s s  i s  a t w o - s t a g e  p r o c e s s  w i t h  f i l t r a t i o n  a s  
t h e  d e a s h i n g  s t e p  o c c u r i n g  b e t w e e n  t h e  d i g e s t i o n  and  h y d r o c r a c k i n g  
s t a g e s  e. P r e v i o u s  wor -k  i n  t h i s  l a b o r a t o r y  u s i n g  P o i n t  of  A y r  a n d  
C a l v e r t o n  coa ls  9 - 1 0  h a s  shown t h a t  i n c r e a s i n g  t h e  d i g e s t i o n  
p r e s s u r e  c o n s i d e r a b l y  r e d u c e s  t h e  a s h  level i n  t h e  e x t r a c t  s o l u t i o n  
a f t e r  f i l t r a t i o n ,  and  t h a t  where t h i s  e f f e c t  is m o d i f i e d  by t h e  u s e  
of d i f f e r e n t  coals or h y d r o g e n - d o n a t i n g  s o l u t i o n s ,  t h e n  t h i s  c a n  b e  
overcome by r e d u c i n g  t h e  f i l t r a t i o n  t e m p e r a t u r e .  I t  w a s  a l s o  shown 
t h a t  t h e  d i s t r i b u t i o n  of t race  e l e m e n t s  i n  t h e  o r i g i n a l  coal ash 
w a s  d i f f e r e n t  f rom t h a t  i n  t h e  e x t r a c t  s o l u t i o n  a s h .  For e x a m p l e ,  
t h e  p r o p o r t i o n s  of manganese a n d  t i t a n i u m  i n c r e a s e d  t w e n t y - f o l d  a n d  
t e n - f o l d  r e s p e c t i v e l y ,  and t h e  p r o p o r t i o n s  of  c a l c i u m  and  magnesium 
also i n c r e a s e d .  T h e s e  e l e m e n t s ,  which show a n  i n c r e a s e  i n  
p r o p o r t i o n ,  h a v e  a l so  b e e n  f o u n d  t o  b e  c a t a l y s t  d e a c t i v a t o r s  * l - * C .  

and were  a lso  f o u n d  t o  d e p o s i t  m o s t  r e a d i l y  on t h e  h y d r o c r a c k i n g  
c a t a l y s t  =- Thus ,  i t  is i m p o r t a n t  t h a t  t h e  l e v e l  of  t h e s e  t r a c e  
e l e m e n t s  is  a s  1 0 W  a s  p o s s i b l e  i f  t h e i r  d e p o s i t i o n  on t h e  
h y d r o c r a c k i n g  c a t a l y s t  is t o  b e  r e d u c e d .  

P r e v i o u s  work 17.18 s t u d y i n g  t h e  f o r m  of  t h e  trace e l e m e n t s  
r e m a i n i n g  i n  t h e  f i l t e r e d  coal e x t r a c t  s o l u t i o n  shows  t h a t  t h e i r  
removal  is no e a s y  m a t t e r .  They p a s s  t h r o u g h  f i n e  f i l t e r s  and  a r e  
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n o t  e a s i l y  removed by g u a r d  b e d s  *-. I n c r e a s i n g  t h e  d i g e s t i o n  
p r e s s u r e ,  as d e s c r i b e d  a b o v e ,  h a s  been  s u c c e s s f u l ,  b u t  e f f o r t s  t o  
r e p r o d u c e  t h i s  e f f e c t  a t  low d i g e s t i o n  p r e s s u r e s ,  by t h e  a d d i t i o n  
of l o w - b o i l i n g  material p r i o r  t o  f i l t r a t i o n ,  w e r e  u n s ~ c c e s s f u l  lo. 
However, i t  h a s  been  shown t h a t  t h e  i n s o l u b l e  p o r t i o n  of s o l v e n t  
e x t r a c t i o n s ,  u s e d  t o  c h a r a c t e r i s e  t h e  f i l t e r e d  c o a l  e x t r a c t  
s o l u t i o n ,  c o n t a i n  a h i g h  p r o p o r t i o n  of  t h e  trace e l e m e n t s  p r e s e n t  
i n  t h e  o r i g i n a l  e x t r a c t .  The s o l v e n t s  u s e d  w e r e  p e n t a n e ,  t o l u e n e  
and THF, and  w i t h  t o l u e n e ,  f o r  example ,  a b o u t  80% of t h e  t r a c e  
e l e m e n t  c o n t e n t  p r e c i p i t a t e d  o u t  w i t h  t h e  i n s o l u b l e s .  T h u s ,  i t  may 
b e  p o s s i b l e  t o  c a r r y  o u t  a s o l v e n t  p r e c i p i t a t i o n  on  coal e x t r a c t  
s o l u t i o n  which h a s  a l r e a d y  been f i l t e r e d ,  i n  o r d e r  t o  r e d u c e  t he  
t r a c e  e l e m e n t  c o n c e n t r a t i o n  t o  a v e r y  l o w  l e v e l .  

In  t h i s  p a p e r  w o r k  c a r r i e d  o u t  u s i n g  t o l u e n e  and  THF t o  remove 
trace e l e m e n t s  f rom f i l t e r e d  coal e x t r a c t  s o l u t i o n s  w i l l  b e  
d e s c r i b e d .  The e f f e c t  of e x t r a c t  t o  s o l v e n t  r a t i o  was s t u d i e d  a5 
w e l l  as  t h e  t e m p e r a t u r e  o-F e x t r a c t i o n .  T r a c e  e l e m e n t  c o n c e n t r a t i o n s  
have  been  measured b o t h  b e f o r e  and  a f t e r  p r e c i p i t a t i o n ,  and  t h e  
n a t u r e  of  t h e  e x t r a c t  s o l ~ i t i o n  a f t e r  s o l v e n t  p r e c i p i t a t i o n ,  
compared t o  t h a t  of t h e  o r i g i n a l  e x t r a c t  s o l u t i o n ,  h a 5  b e e n  
examined.  

EXPERIMENTAL 

M a t e r i a l s  

The coal u s e d  w a 5  P o i n t  of Ayr , s u p p l i e d  by B r i t i s h  C o a l ,  
p r e g r o u n d  t o  -200 bim. An a n a l y s i s  of t h e  coal i 5  g i v e n  i n  T a b l e  1. 
The s o l v e n t  u s e d  i n  t h e  d i g e s t i o n  w a 5  p r o c e s s - d e r i v e d  h y d r o g e n a t e d  
a n t h r a c e n e  oil  (HAD),  a g a i n  s u p p l i e d  by B r i t i s h  C o a l .  

Pr acedur e l  

L i q u e f a c t i o n  w a s  c a r r i e d  o u t  by h e a t i n g  a m i x t u r e  of t h e  coal a n d  
tfAO t o  a t e m p e r a t u r e  of 4i10-42O'C i n  a 2 l i t r e  a u t o c l a v e .  The 
p r e s s u r e  w a s  c o n t r o l l e d  by v e n t i n g  v a p o u r s ,  a5 r e q u i r e d ,  t o  a 
c o n d e n s i n g  t r a p .  A t  t h e  end of t h e  d i g e s t i o n  p e r i o d ,  wh ich  w a s  45 
m i n u t e s  a b o v e  400"C,  t h e  c o n t e n t s  w e r e  c o o l e d  t o  t h P  + % : % r a t i o n  
t e m p e r a t u r e  and v a p o u r e  v e n t e d  t o  r e d u c e  t h e  p r e s s u r e  t o  t h e  
f i l t r a t i o n  p r e s s u r e .  The m i x t u r e  i n  t h e  a u t o c l a v e  w a s  t h e n  f i l t e r e d  
t h r o u g h  a p r e s s u r e  f i l t e r  c o n t a i n i n g  a " N o m e x "  c l o t h  u s i n g  t h e  
r e s i d u a l  p r e s s u r e  i n  t h e  a u t o c l a v e .  A s o l v e n t - t o - c o a l  r a t i o  of  2:i  
w a s  u sed .  The p r o c e d u r e  h a s  been  d e s c r i b e d  p r e v i o u s l y  9.  

S o l v e n t  p r e c i p i t a t i o n  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  on  t h e  f i l t e r e d  
e x t r a c t  s o l u t i o n ,  p roduced  a5 d e s c r i b e d  a b o v e ,  u s i n g  a s t i r r e d  0.2 
l i t re  a u t o c l a v e .  The e x t r a c t  and s o l v e n t  w e r e  mixed t o g e t h e r  c o l d ,  
i n  t h e  a u t o c l a v e ,  and t h e n  h e a t e d  t o  t h e  e x t r a c t i o n  t e m p e r a t u r e  i n  
a f l u i d i s e d  s a n d  b a t h .  The m i x t u r e  w a s  a g i t a t e d  a t  t h e  e x t r a c t i o n  
t e m p e r a t u r e  f o r  20 m i n u t e s  and  t h e n  f i l t e r e d ,  u s i n g  t h e  p r e s s u r e  i n  
t h e  a u t o c l a v e  or an a p p l i e d  n i t r o g e n  p r e s s u r e ,  i n t o  a p r e s s u r e  
f i l t e r  c o n t a i n i n i n g  a "Nomex" c l o t h  a t  t h e  e x t r a c t i o n  t e m p e r a t u r e .  
S o m e  e x p e r i m e n t s  w e r e  a l so  c a r r i e d  o u t  where  t h e  s o l v e n t  w a s  
i n j e c t e d ,  u s i n g  an a p p l i e d  n i t r o g e n  p r e s s u r e ,  i n t o  t h e  a u t o c l a v e  
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c o n t a i n i n g  t h e  e x t r a c t  a t  t h e  r e q u i r e d  t e m p e r a t u r e .  

Analysis 

A s h  y i e l d s  of t h e  l i q u i d  p r o d u c t s  w e r e  d e t e r m i n e d  by e v a p o r a t i n g  a 
s a m p l e  ( r25 g )  i n  a p l a t i n u m  c r u c i b l e  u n t i l  c o k e  fo rmed .  The a s h i n g  
was c o m p l e t e d  i n  a muff l e  f u r n a c e  set a t  8'50°C. 

Tr-ace e l e m e n t  a n a l y s i s  w a s  c a r r i e d  o u t  on t h e  a s h  b y  c a r r y i n g  o u t  a 
f u s i o n  w i t h  l i t h i u m  m e t a b o r a t e  f o l l o w e d  by d i s s o l u t i o n  i n  10% 
h y d r o c h l o r i c  a c i d .  The r e s u l t i n g  s o l u t i o n  w a s  a n a l y s e d  u s i n g  a t o m i c  
e m i s s i o n  and  a b s o r p t i o n  s p e c t r o m e t r y  ( A & ) .  The method h a s  b e e n  
d e s c r i b e d  p r e v i u o s l y  9. 

A n a l y s i s  was c a r r i e d  o u t  on t h e  f r a c t i o n s  which b o i l e d  be low 350°C 
o f  t h e  e x t r a c t  and t h e  f i l t r a t e  p r o d u c e d  a f t e r  s o l v e n t  
p r e c i p i t a t i o n ,  u s i n g  a F ' e rk in  Elmer model 8500 GC f i t t e d  w i t h  a 
wide-bore,  OV-1 c a p i l l a r y  column 25 m l o n g  and  0.53 um d i a m e t e r .  
The oven  t e m p e r a t u r e  was 40'C f o r  1 m i n u t e  f o l l o w e d  by a 
t e m p e r a t u r e  ramp a t  4 'C p e r  m i n u t e  t o  250°C where  t h e  t e m p e r a t u r e  
wa5 h e l d .  Car r ie r  g a s  w a s  h e l i u m  a t  a f l o w  of 6 cm"/min. T h e r e  w a s  
no  s p l i t  o n  t h e  s a m p l e  i n j e c t e d  i n t o  t h e  column and a FID d e t e c t o r  
was used .  I n i t i a l  f r a c t i o n a t i o n  of  t h e  s a m p l e s  w a s  c a r r i e d  o u t  by 
vacuum d i  st i 1 1  at  i o n .  

REBULTS CIND DISCUBSION 

Reduction i n  a s h  l e v e l s  

I n  t h e  f i r s t  s e r i e s  of e x p e r i m e n t s  t o l u e n e  w a s  u s e d  as  t h e  s o l v e n t  
and t h e  e x t r a c t i o n s  were c a r r i e d  o u t  a t  a t e m p e r a t u r e  o f  liO'C. T h e  
r a t i o  of e x t r a c t  t o  t o l u e n e  w a s  v a r i e d  and  a b l a n k  r u n  w a s  a l s o  
c a r r i e d  o u t  w i t h  n o  t o l u e n e  added .  T h i s  w a s  t o  m a k e  c e r t a i n  t h a t  no 
p r e c i p i t a t i o n  w a s  o c c u r r i n g  as a r e s u l t  of c o o l i n g  and  r e h e a t i n g  
t h e  f i l t e r e d  e x t r a c t  s o l u t i o n .  T h e s e  r e s u l t s  are shown i n  T a b l e  2, 

From t h e  r e s u l t s  i n  T a b l e  2 i t  c a n  b e  s e e n  t h a t  by i n c r e a s i n g  t h e  
q u a n t i t y  o f  t o l u e n e  u s e d  t h e n  t h e  amount of  material p r e c i p i t a t e d  
is i n c r e a s e d  and t h e  a s h  level of t h e  f i l t r a t e  d e c r e a s e s .  I t  is 
c l e a r ,  f r o m  t h e  f i l t r a t e  m a s s , t h a t  t h e r e  is still a s i g n i f i c a n t  
q u a n t i t y  o f  t o l u e n e  r e m a i n i n g .  A t  t h e  t e m p e r a t u r e  u s e d  t h i s  m i g h t  
b e  e x p e c t e d .  T o  a l l o w  f o r  t h i s  a n  e q u i v a l e n t  e x t r a c t  a s h  is 
c a l c u l a t e d  a5 shown i n  T a b l e  2. T h i s  f i g u r e  also shows a s t e a d y  
d e c r e a s e  as t h e  m a 5 5  of t o l u e n e  u s e d  increases. The mass of  c a k e  
o b t a i n e d  shows  t h a t  t h e r e  would b e  a s i g n i f i c a n t  loss  of p r o d u c t ,  
by p r e c i p i t a t i o n ,  i f  t h i s  method w e r e  t o  b e  u s e d  t o  remove trace 
e l e m e n t s .  The e%tract s o l u t i o n  u s e d  i n  t h i s  series of e x p e r i m e n t s  
had a " h i g h "  a s h  v a l u e  o f  0.056%. I n  t h e  n e x t  set of e x p e r i m e n t s  an 
ex t rac t  s o l u t i o n  w i t h  a l o w e r  a s h  v a l u e  of O.OlB% w a s  u s e d  a n d  the 
e f f e c t  of v a r y i n g  t h e  e x t r a c t  t e m p e r a t u r e  was s t u d i e d .  

T a b l e  3 s h o w s  t ha t  as  t h e  t e m p e r a t u r e  o f  e x t r a c t i o n  is i n c r e a s e d ,  
t h e n  t h e  mass of c a k e  d e c r e a s e s ,  b u t  t h e  e q u i v a l e n t  ex t rac t  ash  
i n c r e a s e s .  However, i t  Would s e e m  t h a t  a s i g n i f i c a n t  r e d u c t i o n  i n  
t h e  amount of  mater ia l  p r e c i p i t a t e d  c a n  b e  o b t a i n e d  w i t h o u t  a l a rge  
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increase i n  the ash l e v e l  o f  t he  f i l t r a t e .  This i s  espec ia l l y  seen 
i n  the  increase i n  temperature from IO<> t o  138'C. 

A l l  the above experiments were ca r r i ed  out by mixing the  ex t rac t  
and tolLiene together co ld  i n  the  autoclave and then heat ing t o  t h e  
ex t rac t i on  temperature. I n  a commercial operation, the solvent 
would probably be added t o  a hot ext ract .  This Was simulated by 
i n j e c t i n g  to luene i n t o  heated ex t rac t  a t  t he  requi red temperature. 
The r e s u l t s  obtained were s i m i l a r  t o  those shown i n  Tables 2 and 3. 

Table 4 shows the r e s u l t s  obtained when THF i s  used as t he  solvent. 
The reason THF was t r i e d  was t h a t  the normal value of  the THF 
insolub les i s  about 2-4%, but i t  was noted le t h a t  over 40% o f ' t h e  
t race elements p rec ip i t a ted  out wi th  the insolubles.  Thus, i t  may 
be poss ib le  t o  reduce the t r a c e  element concentrat ion w i t h  on ly  a 
small amount o f  mater ia l  prec ip i ta ted.  However, the r e s u l t s  
obtained from these experiments show t h a t  THF gave l i t t l e ,  i f  any, 
reduct ion i n  ash leve l  i n  the ex t rac t  so lu t ion.  

The r e s u l t s  f o r  to luene show t h a t  i t  i s  poss ib le  t o  reduce t h e  
t race element concentrat ion i n  f i l t e r e d  e x t r a c t  so lu t i ons  using 
t h i s  method. There i s  a p r i c e  t o  pay, however, and t h a t  i s  l oss  of 
product a5 prec ip i t a ted  mater ia l .  This can be reduced by increasing 
the ex t rac t i on  temperature t o  an optimum leve l .  However, the value 
o f  t h i s  l o s t  product i s  questionable, s ince i t  w i l l  be mainly 
preasphaltenic, d i f f i c u l t  t o  convert t o  useful  products i n  t h e  
hydrocracking stage and could be responsible fo r  much of  t he  carbon 
deposi t ion on the hydrocracking cata lyst .  

Trace element concentrations 

Not on ly  i s  t he  ove ra l l  ash l e v e l  important i n  the coal ex t rac t  
so lu t ion,  which i s  fed t o  t h e  hydrocracking stage, b u t  a lso the  
concentrat ion of the i n d i v i d u a l  t race  elements. Table 5 shows t h e  
concentrat ion of t race  elements i n  the ash from the o r i g i n a l  
ex t rac t  and the f i l t r a t e  produced a f te r  to luene ext ract ion.  This 
was for an ex t rac t  w i t h  an ash leve l  of O.O35%,extracted w i t h  
toluene a t  165°C t o  g ive a f i l t r a t e  w i t h  an ash l e v e l  of 0.01%. The 
r e s u l t s  show t h a t  there are some di f ferences,with calcium reducing 
and i r o n  and t i t an ium increasing t h e i r  proport ions.  However, t he  
changes are not great and i t  would be expected t h a t  i f  the f i l t r a t e  
were fed t o  the  hydrocracker i t  would deposi t  t r a c e  elements as 
observed prev ious ly  z, except, of  course, there Would be a smaller 
quant i ty  ove ra l l .  

Nature of the ex t rac t  so lu t l an  a f t e r  p r e c i p i t a t i o n  

When toluene ex t rac t i ons  were ca r r i ed  out a t  ll0'C i t  was c lea r  
tha t  to luene remained i n  the f i l t r a t e  from the  ma55 obtained. With 
the higher temperature ext ract ions the  f i l t r a t i o n  was a lso ca r r i ed  
ou t  a t  t he  same temperature and the mass o f  f i l t r a t e  was 
accordingly lower as moat of the to luene w a a  b o i l e d  o f f  from t h e  
f i l t r a t e .  However, examination of t he  f i l t r a t e  showed t h a t  i t  wa5 
much more f l u i d  than the  o r i g i n a l  ex t rac t  and i t  appeared t h a t  some 
toluene remained i n  it. Analysis of the e x t r a c t  and f i l t r a t e  were 
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ca r r i ed  out using an i n i t i a l  i/acuim d i s t i l l a t i o n  and GC ana lys is  a5 
described previously.  The aim being t o  f i n d  how much to luene 
remained. However, no to luene wa5 seen i n  t h e  chromatogram. 

Table 6 shows some r e s u l t s  obtained f o r  the  simnlated d i s t i l l a t i o n  
of  ex t rac t  and f i l t r a t e  a f t e r  toluene ex t rac t ion .  It can be seen 
t h a t  the  f r a c t i o n  b o i l i n g  up t o  150'11: i s  reduced a f t e r  ex t rac t i on ,  
contrary t o  expectations, and t h a t  t t ie f r a c t i o n  from 200-300°C 
incr-eases, mainly i n  t h e  250--300"C range. Examination of t h e  
chromatogram shows no d i f f e rence  i n  t h e  actual  components present. 
only di f ferences i n  t h e i r  quant i ty.  With t h e  low b o i l i n g  ma te r ia l  
the reduc t ion  i s  probably a consequence of t h e  heat ing a t  e levated 
temperatures dur ing  f i l t r a t i o n  coupled w i t h  the ' i t r ipp ing  ot t h e  
toluene. The reason f o r  t he  increase i n  t h e  other ranges i s  not 
known and mare extensive ana lys is  i s  requ i red  t o  answer t h i s  
problem. 
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T a b l e  1 A n a l y s i s  of P o i n t  of Ayr Coa l  

P r o x i m a t e  a n a l y s i s  E l e m e n t a r y  A n a l y s i s  
VM Ash M o i s t u r e  c tf N O s 

31 .6  1 3 . 1  3.5 
x ( w t %  dmmf) 

82.7 5.2 1.8 7.5 2.8 
( w t %  db) 

T a b l e  2 E x t r a c t i o n  o f  coal e x t r a c t  s o l u t i o n  w i t h  t o l u e n e  
- e f f e c t  of t o l u e n e  t o  e x t r a c t  ra t io  

T e m p e r a t u r e  O F  e x t r a c t i o n  : llO'C 
cisti o f  o r i g i n a l  coal e x t r a c t  s o l u t i o n  : 0.056% 

Ma55 E x t r a c t  ( 9 )  
Ma55 T o l u e n e  (El) 
Fiat i o  E,: t r a . c t / T o l  
F i l t r a t e  -- Ma55 ( g )  

-- AStl  ( x )  
Cake - M a s s  ( g )  

- Ash ( % )  

E q u i v a l e n t  
Ext.ract Ash ( % )  

r e  56 55 61.9 55 . 3 d  

56 3 i  24.5 11 0 

81.3 66.1 79.0 tz. 3 

18.7 i5.4 3.0 1.5 

7 -  

l : i  1.7:i 2.5:1 5:l BLANK 

0.007 0.014 0.038 0 . 0 4 ?  0.055 

0.255 0. 18s 0. 1Y 0.285 NO 

0.Oii 0.016 0.04Y 0.053 
EFFECT 

T a b l e  3 E x t r a c t i o n  at coal e x t r a c t  s c l u t i o n  w i t t ,  t u l u e n e  
- e f f e c t  o f  t e m p e r a t t i r e  

R a t i o  e x t r a c t / t o l u e n e  : 1.67: 1 
Ash of o r i g i n a l  coal e x t r a c t  s o l u t i o n  : 0.018% 

E x t r a c t i o n  Temp !"C) 100 13e 1-75 200 
M a s s  E x t r a c t  (9)  50 50 45.5 50 
F i l t r a t e  - Mass (g) 51.6 59.1 55.7 50.1 

Cake - Mass ( g )  20.4 10.0 6.9 3.4 

E q u i v a l e n t  
Ertract A s h  ( % )  0.006 0.007 0.01 0.014 

Ash ( % )  0.006 0.007 0.008 0.014 

Ash (%)  0.205 0.16 0.44 2.2 

I 
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, 

T a b l e  4 E x t r a c t i o n  o f  coal e x t r a c t  sa lu t ion  w i t h  

A s h  of o r i g i n a l  coal e x t r a c t  s o l u t i o n  : 0.018% 

E x t r a c t i o n  Temp ( " C )  
Mas5 E x t r a c t  ( 9 )  
Mass THF i g )  
R a t i  a E x t r  ac t / l t . tF  
F i l t r a t e  - Mass ( g >  

- A s h  I%) 

Cake - Mass (g) 
Eqtlr val e n t  
E x t r a c t  Asti  ( % )  

T a b l e  5 T r a c e  e l e m e n t  a n a l y s i s  

O r  i g i n a l  
E x t r a c t  

P r o p o r t i o n  of 
Element  i n  Ash (%I 

A 1  
T i  
s1 
La 
Mn 
I-e 

Na 
h 

Mq 

T a b l e  6 

0- 1 0 0 ° C  
C1-150"C 
0-200"C 
0-250°C 
0-300'C 
0-350'C 

5.5 
1.6 
4 . 0 

.La- 6 
3.0 

5.4 
1.5 
0.5 

q.2 

3 .  a 

103 
50 
3 U 

1.67:l 
59.3 
0.013 

-I - 

4. a 

0.015 

66 
50 
3 0 

1.67:l 
69.6 

0.016 
4. B 

0.022 

THF 

66 
dJ 
50 

1: 1 
81.5 

13 . 0 1 1 
7. 5 

0.016 

c -  

F i l t r a t e  a f te r  
T a l  uerie ex t r a c t i o n  

6.5 
4.0 
2.8 
15.2 
4.5 
8.2 
5.4 
2.4 
Q 

S i m u l a t e d  d i s t i l l a t i o n  a i  e x t r a c t  arid f i l t r - a t e  after 
e x t r a c t i o n  w i t h  to luene  a t  165'C 

D r i  gi n a l  
Ex t r ac t  

F i  1 t ra te  - 1 - u 

( % )  
0.47 0. 05 0.04 0.06 
1.21 0.10 0.06 0.09 
6.97 5.11 4.25 4.18 

19.3 dL. 7 20.0 21.1 
54.6 78.5 64.1 67.5 
100 100 100 100 

7- 

E x t r a c t s  p r e p a r e d  w i t h  a n  e c t r a c t : t o l u e n e  r a t i o  of: 
1 :  1.611 
2: 2.5/1 
3: 3.3/1 
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Fig.1. A comparison of the plastometry curves for coal H I  
at 0.5 and 5 MPa (Heating Rate 3 "C min -') 

Caking 
Coking 

I I I I 
350 375 400 425 

Temperature ("C 

Fig. 1. A comparison of the plastometry curves for 
coal HI at 0.5 and SMPa(heating rate 3"Cmin-'1 
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FQ.2. The variation of plastornetry torque pararnetels with 
pressure for Coal H1 (Heating Rate 3°C min' ) 
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Fig.3. The variation of plastometry torque parameters 
with healing rate for coal H1 (Pressure 2 MPa) 
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Fig.4. The effect of heating rate on the dilatation 
of coal O a  (Gauge pressure - 2 MPa) 
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Fig.5. The variation of dilatation with plastometry torque 
parameters at 2 MPa pressure for coal Oa 
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Fig.6. The variation of o tical anisotropy index (OAl) 
with heating rate K r  coal Oa (Pressure 2 MPa) 
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